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(57) ABSTRACT

Provided 1s a white organic light emitting diode device,
including first and second electrodes facing each other above
a substrate, first and second charge generation layers formed
between the first electrode and the second electrode, a first
stack disposed between the first electrode and the first charge
generation layer and including a first light emitting layer, a
second stack disposed between the first charge generation
layer and the second charge generation layer and including a
second light emitting layer, and a third stack disposed
between the second charge generation layer and the second
clectrode and including a third light emitting layer, wherein
two of the first to third light emitting layers emit a blue light
and the rest light emitting layer emits a yellow-green light.
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WHITE ORGANIC LIGHT EMITTING DIODE
DEVICE

[0001] This application claims priority and the benefit of
Korean Patent Application No. 10-2013-0091063 filed on Jul.
31, 2013, which 1s hereby incorporated by reference for all
purposes as 1i fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Oneormore embodiments of the invention relates to
an organic light emitting diode device, and more particularly,
to a tandem organic light emitting diode device.

[0004] 2. Discussion of the Related Art

[0005] Recently, flat panel displays (FPDs) are becoming
increasingly important with the development of multimedia.
Accordingly, several planar display devices, such as a liquid
crystal display (LCD), a plasma display panel (PDP), a field
emission display (FED), and an organic light emitting diode
(OLED) device have been practical. In particular, the OLED
device has a high-speed response of 1 ms or less, low power
consumption, and self-light emitting characteristics. Also, the
OLED device has a merit as a moving picture display media
irrespective of the size of the display because 1t does not have
a viewing angle problem. Further, the OLED device 1s being
considered as the next generation tlat panel display because 1t
can be fabricated at a low temperature and 1s simply manu-
factured based on the existing semiconductor process tech-
nology.

[0006] The OLED device includes a light emitting layer
between a first electrode and a second electrode. Here, a hole
supplied from the first electrode 1s coupled with an electron
received from the second electrode 1n the light emitting layer
to form an exciton, and light 1s emitted by the energy gener-
ated while the exciton returns to the ground state.

[0007] The OLED device has been developed to have vari-
ous structures, among which a tandem type white OLED
device 1s becoming of interest. In the tandem OLED device,
respective layers between the first electrode and the second
clectrode are deposited without masks, and the organic layers
including light emitting layers are sequentially formed by
depositing different compositions under vacuum conditions.
In this white OLED device, white light 1s implemented by
mixing colors of two or more light emitting layers. In this
case, different light emitting layers that emit multiple color
lights are provided between the first electrode and the second
electrode, and stacks are differentiated based on a basic struc-
ture in which a charge generation layer 1s provided between
cach two adjacent light emitting layers.

[0008] However, the tandem white OLED device has prob-
lems 1n that the multiple light emitting layers respectively
emitting different colors make it difficult to implement white
light through the control of the light emitting efficiencies
among the colors, and the light emitting efficiencies need to
be improved.

SUMMARY OF THE INVENTION

[0009] Various embodiments of the mnvention provides an
organic light emitting diode device capable of improving
lifespan, light emitting efficiency, and driving voltage char-
acteristics.

[0010] Inone aspect, there 1s a white organic light emitting
diode device, comprising first and second electrodes facing
cach other above a substrate, first and second charge genera-
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tion layers formed between the first electrode and the second
clectrode, a first stack disposed between the first electrode
and the first charge generation layer and including a first light
emitting layer, a second stack disposed between the first
charge generation layer and the second charge generation
layer and including a second light emitting layer, and a third
stack disposed between the second charge generation layer
and the second electrode and including a third light emitting
layer, wherein two of the first to third light emitting layers
emit a blue light and the rest light emitting layer emaits yellow-
green light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated 1n and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0012] FIG. 1 1s a diagram showing an organic light emat-
ting diode device according to an embodiment of the present
imnvention;

[0013] FIG. 2 1s a graph showing emission spectra mea-
sured according to Examples 1-1 and 1-2 of the present inven-
tion;

[0014] FIG. 3 1s a graph showing emission spectra mea-
sured according to Examples 2-1 and 2-2 of the present inven-
tion;

[0015] FIG. 4 1s a graph showing emission spectra mea-
sured according to Examples 3-1 and 3-2 of the present inven-
tion;

[0016] FIG. 5 1s a graph showing emission spectra mea-
sured according to Examples 4-1 to 4-4 of the present inven-
tion;

[0017] FIG. 6 1s a graph showing emission spectra mea-
sured according to Examples 5-1 and 5-2 of the present inven-
tion;

[0018] FIG. 7 1s a graph showing emission spectra mea-
sured according to Examples 6-1 and 6-2 of the present inven-
tion;

[0019] FIG. 8 1s a graph showing emission spectra mea-
sured according to Examples 7-1 to 7-3 of the present inven-
tion;

[0020] FIG. 9 1s a graph showing emission spectra mea-
sured according to Examples 8-1 and 8-2 of the present inven-
tion;

[0021] FIG. 10 1s a graph showing emission spectra mea-
sured according to Examples 9-1 to 9-3 of the present inven-
tion;

[0022] FIG. 11 1s a graph showing emission spectra mea-
sured according to Examples 10-1 to 10-3 of the present
invention; and

[0023] FIG. 12 1s a graph showing emission spectra mea-

sured according to Examples 11-1 and 11-2 of the present
invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

[0024] Reference will now be made 1n detail to various
embodiments of the invention, examples of which are 1llus-
trated 1n the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts. It will be paid attention
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that detailed description of known arts will be omaitted 11 the
arts may lead to misunderstanding of the embodiments of the
invention.

[0025] FIG. 11s a diagram showing an organic light emat-
ting diode device according to an embodiment of the present
invention.

[0026] Referring to FIG. 1, an organic light emitting diode
device 10 of the present invention includes stacks ST1, ST2,
and ST3 positioned between a first electrode 100 and a second
clectrode 380 above a substrate 50, and includes a first charge
generation layer 160 and a second charge generation layer
250 each positioned between each two pair of stacks ST1,

ST2, and ST3.

[0027] More specifically, the substrate 50 1s formed of
light-transmissible transparent glass, a plastic material, or a
conductive material. The first electrode 100 positioned on the
substrate 50 1s an anode electrode, and formed of any one of
indium tin oxide (ITO), indium zinc oxide (1Z0), and zinc
oxide (ZnQO), for example.

[0028] The first stack ST1 positioned on the first electrode
100 constitutes one light emitting device unit, and includes a
first light emitting layer 140. The first light emitting layer 140
may include at least a light emitting layer emitting a blue
light, or may further include a light emitting layer emitting a
red light. Here, the first light emitting layer 140 emitting a
blue light may be formed of a fluorescent or phosphorescent
material. For example, when the first light emitting layer 140
1s formed of a fluorescent maternial, 1t may include an
anthracene derivative, a stylvene derivative, a pyrene deriva-
tive, or a carbazole derivative. As the stylvene derivative,
compounds represented by the following chemical formulas
may be used:

R2 3 T‘l
3 \/Rl - / ‘/N\Az
R4 ‘ P _RIO R ‘ X ‘ RS
s ‘ ‘\/\RQ R4 N R7
\ L
o P N g A3\N Pt R6
R7 | R
Aq

Ry
R )\‘ Q R

RB/Y S R,

R4 Rig Rs

[0029] In the above chemical formulas, Rn (n=1~10) may
be selected from the group consisting of a substituted or
unsubstituted aryl group with 6 to 24 carbon atoms, a substi-
tuted or unsubstituted condensed aryl group with 10 to 30
carbon atoms, a substituted or unsubstituted heteroaryl group
with 2 to 24 carbon atoms, a substituted or unsubstituted alkyl
group with 1 to 24 carbon atoms, a substituted or unsubsti-
tuted heteroalkyl group with 1 to 24 carbon atoms, a substi-
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tuted or unsubstituted cycloalkyl group with 3 to 24 carbon
atoms, a substituted or unsubstituted alkoxy group with 1 to
24 carbon atoms, a substituted or unsubstituted aryloxy group
with 6 to 24 carbon atoms, a substituted or unsubstituted
alkylsilyl group with 1 to 24 carbon atoms, a substituted or
unsubstituted arylsilyl group with 6 to 24 carbon atoms, a
cyano group, a halogen group, deuterium, and hydrogen; and
the aryl group may be selected from the group consisting of
phenyl, naphthalene, fluorene, carbazole, phenazine, phenan-
throline, phenanthridine, acridine, cinnoline, quinazoline,
quinoxaline, naphthydrine, phtalazine, quinolizine, indole,
indazole, pyridazine, pyrazine, pyrimidine, pyridine, pyra-
zole, imidazole, and pyrrole.

[0030] FEach L 1s independently a substituted or unsubsti-
tuted aryl group with 6 to 40 carbon atoms or a substituted or
unsubstituted heteroaryl group with 3 to 20 carbon atoms;
cach of substituents of L and Al to A4 may be selected from
the group consisting of a substituted or unsubstituted alkyl
group with 1 to 24 carbon atoms, a substituted or unsubsti-
tuted cycloalkyl group with 3 to 24 carbon atoms, a substi-
tuted or unsubstituted alkoxy group with 1 to 24 carbon
atoms, a cyano group, a halogen group, a substituted or
unsubstituted aryl group with 6 to 24 carbon atoms, a substi-
tuted or unsubstituted aryloxy group with 6 to 24 carbon
atoms, a substituted or unsubstituted heteroaryl group with 2
to 24 carbon atoms, a substituted or unsubstituted aryl amino
group with 6 to 40 carbon atoms, a substituted or unsubsti-
tuted alkyl amino group with 2 to 40 carbon atoms, a germa-
nium group, a boron group, a substituted or unsubstituted
alkylsilyl group with 1 to 24 carbon atoms, a substituted or
unsubstituted arylsilyl group with 6 to 40 carbon atoms, and
deuterium.

[0031] In addition, for example, when the first light emat-
ting layer 140 1s formed of a phosphorescent material, a host
may include an anthracene derivative, a stylvene derivative, a
pyrene derivative, or a carbazole derivative. As a substituent
of the host, compounds represented by the following chemi-
cal formulas may be used:
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[0032] In the above chemical formulas, Rn (n=1~12) may
be selected from the group consisting of a substituted or
unsubstituted aryl group with 6 to 24 carbon atoms, a substi-
tuted or unsubstituted condensed aryl group with 10 to 30
carbon atoms, a substituted or unsubstituted heteroaryl group
with 2 to 24 carbon atoms, a substituted or unsubstituted alkyl
group with 1 to 24 carbon atoms, a substituted or unsubsti-
tuted heteroalkyl group with 1 to 24 carbon atoms, a substi-
tuted or unsubstituted cycloalkyl group with 3 to 24 carbon
atoms, a substituted or unsubstituted alkoxy group with 1 to
24 carbon atoms, a substituted or unsubstituted aryloxy group
with 6 to 24 carbon atoms, a substituted or unsubstituted
alkylsilyl group with 1 to 24 carbon atoms, a substituted or
unsubstituted arylsilyl group with 6 to 24 carbon atoms, a
cyano group, a halogen group, deuterium, and hydrogen; and
R, to R,, may form a condensed ring together with a neigh-
boring substituent.

[0033] The substituent may be a substituted or unsubsti-
tuted, fused or untused aryl group, and may be formed by one
to five multiple substitutions or non-multiple substitutions on
a core structure consisting of phenyl, naphthalene, fluorene,
carbazole, phenazine, phenanthroline, phenanthridine, acri-
dine, cinnoline, quinazoline, quinoxaline, naphthydrine,
phtalazine, quinolizine, indole, indazole, pyridazine, pyra-
zine, pyrimidine, pyridine, pyrazole, imidazole, or pyrrole.

[0034] As adopant, materials represented by the following

chemical formulas may be used. Particularly, metal com-
pounds in which three of N—N, N—O, or O—O bonds

coordinate to the central metal Ir as shown below may be

used.
C\I““‘h""Q C\I‘l“‘IrI’Q

[0035] The first light emitting layer 140 may contain one
host and one dopant or two hosts and one dopant. Here,
between the two hosts, one may be a hole transportive host
and the other may be an electron transportive host. As the hole
transportive host, a material of the forgoing hole transport
layer may be used, and as the electron transportive host, a
material of the electron transport layer may be used.

[0036] Inaccordance with one or more embodiments, when
the first light emitting layer 140 further includes a light emat-
ting layer emits a red light, the red light emitting layer may
contain, for example, at least one host selected from CBP
(4,4'-N,N'-dicarbazolebiphenyl) and Balg (Bis(2-methyl-8-
quinlinolato-N1,08)-(1,1'-Biphenyl-4-olato Jaluminium),
and at least one red phosphorescent dopant selected from
Ir(Mnpy),, Btp2Ir(acac)(bi1s(20-benzo[4,5-athienyl)pyridi-
nato-N,C30 ndium(zcetylactonate), and Btp2lIr(acac)(iri-
drum(III)bis(1-phenylisoquinolyl)-N,C2Nacetyl.
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[0037] Thebluelight emitting layer or the red light emitting
layer of the first light emitting layer 140 may contain one host
and one dopant or two hosts and one dopant. In addition,
when the first light emitting layer 140 has a lamination struc-
ture of a blue light emitting layer and a red light emitting
layer, the red light emitting layer may be disposed on the blue
light emitting layer or the blue light emitting layer may be
disposed on the red light emitting layer.

[0038] Inaddition, the first stack (ST1) may further include
a hole 1injection layer (HIL) 110, a first hole transport layer
(HTL) 120, and a first electron blocking layer (EBL) 130,
between the first electrode 100 and the first light emitting
layer 140. The hole injection layer 110 may serve to facilitate
the 1njection of holes 1nto the first light emitting layer 140
from the first electrode 110, and may be formed of at least one
selected from the group consisting of CuPc (cupper phthalo-
cyanine), PEDOT  (poly(3.4)-ethylenedioxythiophene),
PANI (polyaniline), and NPD (IN,N-dinaphthyl-N,N'-diphe-
nyl benzidine), but 1s not limited thereto.

[0039] Thefirstholetransport layer 120 may serve to facili-
tate the transport of holes, and may be formed of at least one
selected from the group consisting of NPD (N,N-dinaphthyl-
N,N'-diphenyl benzidine), TPD (N,N'-bis-(3-methylphenyl)-
N,N'-bis-(phenyl)-benzidine), s-TAD, and MTDATA (4,4',
4"-"Tris(N-3-methylphenyl-N-phenyl-amino )-
triphenylamine), but 1s not limited thereto. For example, the
first hole transport layer 120 may be formed of a compound
represented by the following chemaical formula:

AJ—L—=B),

‘n

[0040] Wherein A and B may be selected from compounds
represented by the following chemaical formulas:

[0041] In the above chemical formulas, Rn (n=1~12) may
be selected from the group consisting of a substituted or
unsubstituted aryl group with 6 to 24 carbon atoms, a substi-
tuted or unsubstituted condensed aryl group with 10 to 30
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carbon atoms, a substituted or unsubstituted heteroaryl group
with 2 to 24 carbon atoms, a substituted or unsubstituted alkyl
group with 1 to 24 carbon atoms, a substituted or unsubsti-
tuted heteroalkyl group with 1 to 24 carbon atoms, a substi-
tuted or unsubstituted cycloalkyl group with 3 to 24 carbon
atoms, a substituted or unsubstituted alkoxy group with 1 to
24 carbon atoms, a substituted or unsubstituted aryloxy group
with 6 to 24 carbon atoms, a substituted or unsubstituted
alkylsilyl group with 1 to 24 carbon atoms, a substituted or
unsubstituted arylsilyl group with 6 to 24 carbon atoms, a
cyano group, a halogen group, deuterium, and hydrogen; and
R, to R, , may form a condensed ring together with a neigh-
boring substituent. L represents an aryl group, and may be
selected from the group consisting of phenyl, naphthalene,
fluorene, carbazole, phenazine, phenanthroline, phenanthri-
dine, acridine, cinnoline, quinazoline, quinoxaline, naphthy-
drine, phtalazine, quinolizine, indole, indazole, pyridazine,
pyrazine, pyrimidine, pyridine, pyrazole, imidazole, and pyr-
role.

[0042] The first electron blocking layer 130 contains a
material of the hole transport layer and a metal or a meal
compound so as to prevent electrons generated in the light
emitting layer from going into the hole transport layer. There-
tore, the LUMO level of the first electron blocking layer 130
gets higher, and thus the electrons cannot go over the first
clectron blocking layer 130. The first hole transport layer 120
and the first electron blocking layer 130 may be a single layer
in which respective matenals thereof are mixed.

[0043] Inaddition, the first stack ST1 further includes a first
clectron transport layer (ETL) 150 on the first light emitting
layer 140. The first electron transport layer 150 serves to
facilitate the transport of electrons, and may be formed of at
least one selected from the group consisting of Alg3(tris(8-
hydroxyquinolino)aluminum), PBD, TAZ, spiro-PBD, BAlq,
and SAlq, but 1s not limited thereto.

[0044] For example, the first electron transport layer 150
may be formed of compounds represented by the following
chemical formulas:

Ary

e
e aar

Arl/\\

R4 R

[0045] Ar, to Ar, each represent an aryl group, and may be
selected from the group consisting of phenyl, naphthalene,
fluorene, carbazole, phenazine, phenanthroline, phenanthri-
dine, acridine, cinnoline, quinazoline, quinoxaline, naphthy-
drine, phtalazine, quinolizine, 1indole, 1ndazole, pyridazine,
pyrazine, pyrimidine, pyridine, pyrazole, imidazole, and pyr-
role In the above chemical formulas, Rn (n=1~4) may be
selected from the group consisting of a substituted or unsub-
stituted aryl group with 6 to 24 carbon atoms, a substituted or
unsubstituted condensed aryl group with 10 to 30 carbon
atoms, a substituted or unsubstituted heteroaryl group with 2
to 24 carbon atoms, a substituted or unsubstituted alkyl group
with 1 to 24 carbon atoms, a substituted or unsubstituted
heteroalkyl group with 1 to 24 carbon atoms, a substituted or
unsubstituted cycloalkyl group with 3 to 24 carbon atoms, a
substituted or unsubstituted alkoxy group with 1 to 24 carbon
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atoms, a substituted or unsubstituted aryloxy group with 6 to
24 carbon atoms, a substituted or unsubstituted alkylsilyl
group with 1 to 24 carbon atoms, a substituted or unsubsti-
tuted arylsilyl group with 6 to 24 carbon atoms, a cyano
group, a halogen group, deuterium, and hydrogen.

[0046] Therefore, the first stack ST1 including the hole
injection layer 110, the first hole transport layer 120, the first
clectron blocking layer 130, the first light emitting layer 140,

and the first electron transport layer 150 1s formed on the first
clectrode 100.

[0047] A first charge generation layer (CGL) 160 1s dis-
posed on the first stack ST1. The first charge generation layer
160 may be a PN junction charge generation layer in which a
N-type charge generation layer 160N and a P-type charge
generation layer 160P are joined to each other. Here, the PN
junction charge generation layer 160 generates charges or
separates them into holes and electrons, and then injects the
charges 1nto the respective light emitting layers. That 1s, the
N-type charge generation layer 160N supplies electrons to the
first light emitting layer 140 adjoining the first electrode, and
the P-type charge generation layer 160P supplies holes a light
emitting layer of the second stack ST2, thereby further
improving the light emitting efficiency of the organic light
emitting diode device including a plurality of light emitting
layers.

[0048] Here, the P-type charge generation layer 160P may
be formed of a single material, or a single material doped with
a P-type dopant. The P-type charge generation layer 160P
may be formed of at least one single material selected from
the group consisting of fluorine-substituted TCNPQ, a
TCNPQ dertvative having a Cyan group, Radiallene-based
compounds, Quinone-based compounds, and compounds
represented by Chemical Formula (I):

RY Y; L.
]
R’ Y, -
[0049] X' and X* each may be selected from the group
consisting of S, N and O.

[0050] Substituents of Chemical Formula (I) above may be
compounds represented by Chemical Formula (I) and (11)
below:

E

(1)
el T i - Yl Rl

‘\ ;# “F#.- h“ %/
e
..___.i'! “ - .-;‘"'.,_ -ri /\

b
_-—.#

(1)

(11)
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[0051] The compounds represented by Chemical Formulas
(1) and (11) above may be substituted with substituents repre-
sented by Chemical Formula (a) to (g) below:

(a)
NC CN

T

CN

(b)

— 7

(c)

NC\”/CF3
NC\”/COOR21

R*200C COOR*

T

(d)

(1)
COOR*

MT
-

(g)

[0052] Inthe above Chemical Formula (I), ar, and ar, each
may be selected from the group consisting of substituted or
unsubstituted phenyl, naphthalene, fluorene, carbazole,
phenazine, phenanthroline, phenanthridine, acridine, cinno-
line, quinazoline, quinoxaline, naphthydrine, phtalazine,
quinolizine, 1indole, indazole, pyridazine, pyrazine, pyrimi-
dine, pynidine, pyrazole, imidazole, and pyrrole. And in the

above Chemical Formula (I), Y', Y?, Y~ and Y* each may be
selected from the group consisting of S, N and O.

[0053] Inaddition, whenthe P-type charge generation layer
160P 1s doped with a P-type dopant, the P-type dopant may be
metal oxide, fluorine-substituted TCNPQ, a TCNPQ deriva-
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tive having a Cyan group, Radiallene-based compounds,
Quinone-based compounds, and compounds represented by
the following chemical formulas.

NC\/CN
NC CN ‘
R b
‘ 11"‘\/\/ NC CN
Ryj 3 ‘ ‘ ‘
P \‘/ N F
F Ris
‘ Ne” Nen
NC CN ‘
NC CN

RZ\‘/I\‘/R?
TN Y ke
N

[0054] Inthe above chemical formulas, Ar may be selected
from the group consisting ol substituted or unsubstituted
phenyl, naphthalene, fluorene, carbazole, phenazine, phenan-
throline, phenanthridine, acridine, cinnoline, quinazoline,
quinoxaline, naphthydrine, phtalazine, quinolizine, indole,
indazole, pyridazine, pyrazine, pyrimidine, Pyridine, pyra-
zole, imidazole, and pyrrole, and compounds represented by
R, toR,, below.

[0055] R, to R,, may be selected from compounds repre-
sented by H, CF 5, and compounds represented by the follow-

ing chemical formulas. In the below, A and B may be selected
from H, F, and CF;.

I3 b Chs

H\ I\ I\

N N

A

S

i

A

[0056] The N-type charge generation layer 160N may be
formed of a metal or an N-type doped organic material. Here,
the metal may be one material selected from the group con-
sisting of L1, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, La, Ce, Sm, Eu,
Tb, Dy, and Yb. In addition, as an N-type dopant and a host
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material, which are used 1n the N-type doped organic mate-
rial, materials that can be conventionally used may be used.
For example, the N-type dopant may be an alkali metal, an
alkali metal compound, an alkali earth metal, or an alkali
carth metal compound. Specifically, the N-type dopant may
be one selected from the group consisting of Cs, K, Rb, Mg,
Na, Ca, Sr, Eu, and Yb. The host material may be one material
selected from the group consisting of tris(8-hydroxyquino-
line) aluminum, triazine, a hydroxyquinoline derivative, a
benzazole derivative, and a silole derivative.

[0057] In accordance with one or more embodiments, the
second stack ST2 including a second light emitting layer 230
1s disposed on the first charge generation layer 160. The
second light emitting layer 230 includes, for example, a light
emitting layer emitting a yellow-green light, and may further
include a light emitting layer emitting a green light. The
present embodiment will be described based on a second light
emitting layer 230 including a yellow-green light emitting
layer 230q and a green light emitting layer 2305.

[0058] The green light emitting layer 2305 may contain at
least one host selected from CBP (4,4'-N,N'-dicarbazolebi-

phenyl) and Balg (Bis(2-methyl-8-quinlinolato-N1,08)-(1,
1'-Biphenyl-4-olato)aluminium), and a green phosphores-
cent dopant of Ir(ppy),. The yellow-green light emitting layer
230a may contain at least one host selected from CBP (4,4'-
N.N'-dicarbazolebiphenyl) and Balqg (Bis(2-methyl-8-quinli-
nolato-N1,08)-(1,1'-Biphenyl-4-olato)aluminium), and a
yellow-green phosphorescent dopant emitting a yellow-green
light. In one embodiment, the host materials of the yellow-
green light emitting layer 230q and the green light emitting
layer 2305 may be the same material as the hole transport
layer.

[0059] At least one of the yellow-green light emitting layer
230a and the green light emitting layer 23056 of the second
light emitting layer 230 may contain two hosts and one
dopant. In addition, when the second light emitting layer 230
has a lamination structure of the yellow-green light emitting
layer 230a and the green light emitting layer 2305, the green
light emitting layer 2305 may be disposed on the yellow-
green light emitting layer 230a or the green light emitting
layer 2305 may be disposed on the yellow-green light emut-
ting layer 230q. In addition, the yellow-green light emitting
layer 230a and the green light emitting layer 2306 of the

second light emitting layer 230 may be one single layer. Here,
the second light emitting layer with a single layer may be
formed by mixing one host with a yellow-green dopant and a
green dopant or mixing two hosts with a yellow-green dopant
and a green dopant. Here, between the two hosts, one may be
a hole transportive host and the other may be an electron
transportive host. As the hole transportive host, a material of
the forgoing hole transport layer may be used, and as the
clectron transportive host, a material of the electron transport
layer may be used.

[0060] In addition, in the second light emitting layer 230,
the peak of the emission spectrum of the yellow-green light
emitting layer 230a may be present in a wavelength band of
550 to 570 nm, and the peak of the emission spectrum of the

green light emitting layer 2305 may be present 1n a wave-
length band of 530 to 5350 nm. Here, the full width half
maximum values of the respective spectra have 700 nm or

higher, respectively, thereby improving the elliciencies of
yellow-green color and green color.

[0061] In addition, the yellow-green light emitting layer
230a and the green light emitting layer 2306 are formed to

Feb. 5, 2015

have a thickness of 400 A or thinner, thereby preventing the
rise i the driving voltage and improving the light emitting
eificiency. In addition, the yellow-green light emitting layer
230a and the green light emitting layer 2305 may have dii-
terent doping concentrations. The doping concentration may
be different or the same between the light emitting layer near
to the hole transport layer and the light emitting layer far from
the hole transport layer.

[0062] The second stack (ST2) further includes a second
hole transport layer 210 and a second electron blocking layer
220 between the first charge generation layer 160 and the
second light emitting layer 230. The second hole transport
layer 210 1s the same as the first hole transport layer 120, and
they may be formed of different materials or the same mate-
rial. Also, the second electron blocking layer 220 1s the same
as the first electron blocking layer 130, and they may be
formed of different materials or the same material. In addi-
tion, the second stack ST?2 further includes a second electron
transport layer 240 on the second light emitting layer 230. The
second electron transport layer 240 1s the same as the first
clectron transport layer 150 of the first stack ST1, and they
may be formed of different materials or the same material.
Therefore, the second stack ST2 including the second hole
transport layer 210, the second electron blocking layer 220,
the second light emitting layer 230, and the second electron
transport layer 240 may be formed on the first charge genera-
tion layer 160.

[0063] A second charge generation layer 250 may be dis-
posed on the second stack ST2. The second charge generation
layer 250 may be a PN junction charge generation layer in
which an N-type charge generation layer 250N and a P-type
charge generation layer 250P are joined to each other, and
may have the same structure as the first charge generation
layer 160. However, the second charge generation layer 250
and the first charge generation layer 160 may be formed of
different materials. For example, the P-type charge genera-
tion layer 160P of the first charge generation layer 160 may be
formed of a single material, and the P-type charge generation
layer 250P of the second charge generation layer 250 may be
tformed of a single material doped with a P-type dopant.

[0064] In accordance with one or more embodiments, a
third stack ST3 including a third light emitting layer 30 1s
disposed onthe second charge generation layer 250. The third
light emitting layer 330 may include at least a light emitting
layer emitting a blue light, and may further include a light
emitting layer emitting a red light. The third light emitting
layer 330 may have the same structure as the first light emat-
ting layer 140 of the first stack ST1. For example, the third
light emitting layer 330 may have a lamination structure of a
blue light emitting layer 330a emitting a blue light and a red
light emitting layer 3306 emitting a red light.

[0065] The third stack (ST3) further includes a third hole

transport layer 310 and a third electron blocking layer 320
between the second charge generation layer 250 and the third
light emitting layer 330. The third hole transport layer 310 1s
the same as the first hole transport layer 120, and they may be
formed of different materials or the same material. Also, the
third electron blocking layer 320 1s the same as the first
clectron blocking layer 130, and they may be formed of
different materials or the same material.
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[0066] In addition, the third stack ST3 further includes, on
the third light emitting layer 330, a third electron transport
layer 340, a fourth electron transport layer 350, and an elec-
tron 1njection layer 360. The four electron transport layer 350
1s the same as the first electron transport layer 150 of the first
stack ST1, and they may be formed of different materials or
the same material. The third electron transport layer 340 may
be formed by mixing an electron injection material having an
excellent electron 1mjection capability and a hole blocking
material having an excellent hole blocking capability. Here,
the mixing ratio of the electron injection material and the hole
blocking matenial may be 1n the range of 1:99 to 99:1, and
preferably 30:70 to 70:30.

[0067] The electron mjection layer (EIL) 360 serves to
facilitate the injection of electrons, and may be formed of
Alg3(tris(8-hydroxyquinolino)aluminum), PBD, TAZ, spiro-
PBD, BAlq, or SAlqg, but 1s not limited thereto. In addition,
the electron 1njection layer 360 may be formed of a metal
halide compound, for example, at least one selected from the
group consisting of Mgk ,, LiF, NaF, KF, RbF, CsF, FrF, and
CaF,, but is not limited thereto. Therefore, the third stack ST3
including the third hole transport layer 310, the third electron
blocking layer 320, the third light emaitting layer 330, and the
third electron transport layer 340, the third electron transport
layer 350, and the electron injection layer 360 may be formed
on the second charge generation layer 250.

[0068] A second electrode 380 may be disposed on the third
stack ST3. The second electrode 380 may be a cathode elec-
trode, and may be formed of aluminum (Al), magnesium
(Mg), silver (Ag), or an alloy thereot, which has a low work
tfunction. Therefore, an organic light emitting diode device
includes the first to third stacks ST1, ST2, and ST3 and the
first and second charge generation layers 160 and 250
between the first electrode 100 and the second electrode 380.
[0069] The organic light emitting diode device 1s manufac-
tured such that the distance between the first electrode 100
and the second electrode 380 is 2500 to 5000 A and the
distance between the second electrode 380 and the second
light emitting layer 230 is at least 2000 A, thereby securing
the viewing angle of the image and the light emitting effi-
ciency of the red light.

[0070] Although the present embodiment has been
described that the first light emitting layer and the third light
emitting layer include a blue light emitting layer and the
second light emitting layer includes a yellow-green light
emitting layer, the present invention 1s not limited thereto.
The position of the second light emitting layer may be
changed with the position of the third light emitting layer.
[0071] Heremafter, examples of the organic light emitting
diode device according to the present mnvention will be set
torth. However, the following examples are provided merely
to 1llustrate the present invention, and thus the present inven-
tion 1s not limited thereto. Various structures and effects of the
light emitting diode devices of the present invention will be
described through various examples to be set forth below.

Example 1-1

[0072] AnITO substrate was patterned to have a light emat-
ting area of 2 mmx2 mm, and then washed. The substrate was
mounted 1 a vacuum chamber and the base pressure was

made to be 1x107° torr. NPD with a thickness of 100 A for a

hole imjection layer was formed on an anode ITO. An aryl
amine-based material with a thickness of 1200 A for a hole
transport layer was formed thereon, and a carbazole-based
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material with a thickness of 200 A for an electron blocking
layer was formed thereon. For a blue fluorescent layer, an
anthracene-based material with a thickness of 250 A as a host
and a pyrene-based material with a doping concentration of
5% as a dopant were formed thereon. Then, a heteroaryl-
based material with a thickness of 200 A for an electron
transport layer was formed thereon, so that a first stack was
formed. After that, for an N-type charge generation layer, a
heteroaryl-based material with a thickness of 200 A as a host
and an alkali earth metal material with a doping concentration
of 3% as a dopant were formed. A heteroaryl-based material
with a thickness of 200 A for a P-type charge generation layer
was formed thereon. An aryl amine-based material with a
thickness of 200 A for a hole transport layer of was formed
thereon. A carbazole-based material with a thickness of 200 A
for an electron blocking layer was formed. Then, for a yellow-
green phosphorescent layer, one heteroaryl-based host mate-
rial with a thickness of 150 A, another host material with a
thickness of 150 A, and an iridium compound with a doping
concentration of 20% as a dopant were formed. Then, for a
green phosphorescent layer, one heteroaryl-based host mate-
rial with a thickness of 150 A, another host material with a
thickness of 150 A, and an iridium compound with a doping
concentration of 15% as a dopant were formed. Then, a het-
eroaryl-based material with a thickness of 200 A for an elec-
tron transport layer was formed thereon, so that a second
stack was formed. Then, for an N-type charge generation
layer, a heteroaryl-based material with a thickness of 200 A as
a host and an alkali earth metal material with a doping con-
centration of 3% as a dopant were formed. A heteroaryl-based
material with a thickness of 200 A for a P-type charge gen-
eration layer was formed, and then an aryl amine-based mate-
rial with a thickness of 1200 A for a hole transport layer was
formed. In addition, a carbazole-based material with a thick-
ness of 200 A for an electron blocking layer was formed.
Then, for a blue fluorescent layer, an anthracene-based mate-
rial with a thickness of 200 A as a host and a pyrene-based
material with a doping concentration of 5% as a dopant were
formed. Then, for a red phosphorescent layer, a heteroaryl-
based host material with a thickness of 100 A, a carbazole and
aryl amine-based host material with a thickness of 100 A, and
an 1ridium compound with a doping concentration of 3% as a
dopant were formed. Then, a heteroaryl-based material with a
thickness of 200 A for an electron transport layer was formed,
and then a heteroaryl-based material with a thickness of 200
A for the electron transport layer was again formed. Then, LiF
with a thickness of 10 A for an electron injection layer was
formed, so that a third stack was formed. Then, Al with a
thickness of 2000 A for a cathode was formed, so that an
organic light emitting diode device was manufactured.

Example 1-2

[0073] An orgamic light emitting diode device was manu-
factured under the same conditions as the example 1-1 except
that the position of the blue fluorescent layer was changed
with the position of the red phosphorescent layer.

[0074] As for Example 1-1 and Example 1-2, emission
spectra were measured and then shown in FIG. 2, and light
emitting efliciencies of R, G, B, and W, driving voltage, and
lifespan were measured and then shown 1n Table 1 below.
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TABLE 1
Example 1-2 Example 1-1
Light emitting R 14.5 8.4
efficiency (Cd/A) G 44.2 39.6
B 3.2 3.3
W 90.5 78.5
Driving voltage (10 mA/em?) 11.5 11.4
Lifespan (1953000 nit) 1000 2300

[0075] Referring to FIG. 2 and Table 1, the third stack

structure was provided with both the red phosphorescent
layer and the blue fluorescent layer, thereby improving the
entire panel characteristics, and a long-wavelength red phos-
phorous layer was disposed adjacent to the cathode, thereby
improving the light emitting efficiency.

Example 2-1

[0076] An organic light emitting diode device was manu-
factured under the same conditions as the Example 1-1 except
that the red phosphorescent layer was excluded trom the third
stack.

Example 2-2

[0077] An organmic light emitting diode device was manu-
factured under the same conditions as the Example 2-1 except
that the green light emitting layer of the second stack was
excluded.

[0078] As for Example 2-1 and Example 2-2, emission
spectra were measured and then shown 1n FIG. 3, and light
emitting eificiencies of R, G, B, and W, driving voltage, and
lifespan were measured and then shown 1n Table 2 below.

TABLE 2
Example 2-1 Example 2-2
Light emitting R 7.0 7.1
efficiency (Cd/A) G 40.8 42.3
B 4.2 4.3
W 89.0 91.6
Driving voltage (10 mA/cm?) 11.6 12.1

[0079] Referring to FIG. 3 and Table 2, the second stack
was provided with both the yellow-green light emitting layer
and the green light emitting layer instead of one yellow-green
light emitting layer, thereby improving light emitting eifi-
ciency and driving voltage characteristics.

Example 3-1

[0080] An organic light emitting diode device was manu-
factured under the same conditions as the example 1-1 except
that the green light emitting layer of the second stack and the
red light emitting layer of the third stack were excluded.

Example 3-2

[0081] An organmic light emitting diode device was manu-
factured under the same conditions as the Example 3-1 except
that the hole transport layer and the electron blocking layer of

the first stack were formed of a single material to have a
thickness of 1150 A.

[0082] As for Example 3-1 and Example 3-2, emission
spectra were measured and then shown in FIG. 4, and light
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emitting efficiencies of R, G, B, and W and driving voltage
were measured and then shown 1n Table 3 below.

TABLE 3
Example 3-1 Example 3-2
Light emitting R 7.9 8.4
efficiency (Cd/A) G 34.6 34.4
B 4.2 4.1
W 81.1 82.4
Driving voltage (10 mA/cm?) 12.1 12.1

[0083] Referring to FIG. 4 and Table 3, the hole transport
layer and the electron blocking layer of the first stack were
formed as a single layer, thereby lowering the thickness of the
organic light emitting diode device and improving the light
emitting efliciency.

Example 4-1

[0084] An organic light emitting diode device was manu-
factured under the same conditions as the Example 3-1 except
that the blue light emitting layer of the first stack and the blue
light emitting layer of the third stack each were formed of an
anthracene-based host material with a thickness of 100 A and
a pyrene-based compound with a doping concentration of 5%
as a dopant.

Example 4-2

[0085] An organic light emitting diode device was manu-
factured under the same conditions as the Example 3-1 except
that the blue light emitting layer of the first stack was formed
ol an anthracene-based host material with a thickness of 100
A, another anthracene-based host material with a thickness of
100 A, and a pyrene-based compound with a doping concen-
tration of 5% as a dopant, and the blue light emitting layer of
the third stack was formed of an anthracene-based host mate-
rial with a thickness of 100 A, another anthracene-based host
material with a thickness of 100 A, and a pyrene-based com-
pound with a doping concentration of 5% as a dopant.

Example 4-3

[0086] An organic light emitting diode device was manu-
factured under the same conditions as the Example 3-1 except
that the blue light emitting layer of the first stack was formed
ol an anthracene-based host material with a thickness of 100
A, another anthracene-based host material with a thickness of
100 A, and a pyrene-based compound with a doping concen-
tration of 5% as a dopant, and the blue light emitting layer of
the third stack was formed of an anthracene-based host mate-
rial with a thickness of 100 A and a pyrene-based compound
with a doping concentration of 5% as a dopant.

Example 4-4

[0087] An organmic light emitting diode device was manu-
factured under the same conditions as the Example 3-1 except
that the blue light emitting layer of the first stack was formed
of an anthracene-based host material with a thickness of 100
A and a pyrene-based compound material with a doping
concentration of 5% as a dopant, and the blue light emitting
layer of the third stack was formed of an anthracene-based
host material with a thickness of 100 A, another anthracene-



US 2015/0034923 Al

based host material with a thickness of 100 A, and a pyrene-
based compound with a doping concentration of 5% as a
dopant.

[0088] As for Examples 4-1 to 4-4, emission spectra were
measured and then shown 1n FIG. 5, and light emitting effi-
ciencies of R, G, B, and W, driving voltage, and lifespan were
measured and then shown 1n Table 4 below.

TABLE 4

Example 4-1 Example 4-2 Example 4-3 Example 4-4

Light R 7.8 7.8 7.8 7.8
emitting G 30.7 36.6 37.4 37.3
efficiency B 4.2 4.0 4.1 4.2
(Cd/A) W 84.2 84.1 85.3 85.3
Driving 12.4 11.% 11.9 12.0
voltage
(10 mA/em?)
Lifespan R 900 1000 900 1000
(T95,h) G 1000 1100 1000 1100
B 1600 1900 1900 2300
W 1400 1500 1400 1700
[0089] Referring to FIG. 5 and Table 4, the driving voltage

and the lifespan were further improved when the blue light
emitting layer adopts a single host as compared with when the
blue light emitting layer adopts two hosts.

Example 5-1

[0090] An organic light emitting diode device was manu-
factured under the same conditions as the Example 1-1 except
that the green light emitting layer of the second stack and the
red light emitting layer of the third stack were excluded.

Example 5-2

[0091] An organic light emitting diode device was manu-
factured under the same conditions as the Example 5-1 except
that two electron transport layers of the third stack were
co-deposited as a single layer with a thickness of 360 A.
[0092] As for Example 5-1 and Example 5-2, emission
spectra were measured and then shown 1n FIG. 6, and light
emitting efliciencies of R, G, B, and W, driving voltage, and
lifespan were measured and then shown 1n Table 5 below.

TABLE 3
Example 5-1 Example 3-2

Light emitting R 43.6 44 8
efficiency (Cd/A) G 4.3 4.4
B 91.9 94.9
W 27.3 28.3

Lifespan (1953000 nit) 3700 4100
Driving voltage (10 mA/cm?) 12.2 12.4

[0093] Referringto FIG. 6 and Table 5, the materials for the

two hole transport layers of the third stack were mixed and
then used to form a single layer, thereby lowering the thick-
ness of the organic light emitting diode device and improving,
the lifespan and driving voltage characteristics.

Example 6-1

[0094] An organic light emitting diode device was manu-
factured under the same conditions as the Example 1-1 except
that the green light emitting layer of the second stack and the
red light emitting layer of the third stack were excluded.
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Example 6-2

[0095] An organic light emitting diode device was manu-
factured under the same conditions as the Example 6-1 except
that the electron blocking layer, the hole transport layer, and
the P-type charge generation layer of the second stack were
formed as a single layer by forming an aryl amine and carba-
zole-based host material with a thickness of 50 A and a P-type
dopant compound with a doping concentration of 10%, and

then depositing the same aryl amine-based host material with
a thickness of 250 A.

[0096] As for Example 6-1 and Example 6-2, emission
spectra were measured and then shown 1n FIG. 7, and light
emitting eificiencies of R, G, B, and W, driving voltage, and
lifespan were measured and then shown 1n Table 6 below.

TABLE 6
Example 6-1 Example 6-2
Light emitting efficiency (Cd/A) R 7.1 7.8
G 41.0 37.9
B 4.2 4.2
W 89.7 86.2
Driving voltage (10 mA/cm?) 12.2 12.0
Lifespan (1935, h) R 1300 1800
G 1400 1800
B 2900 3100
W 2100 2700

[0097] Referring to FIG. 7 and Table 6, the thickness of the
organic light emitting diode device was lowered and the
lifespan and driving voltage characteristics were further
improved when the electron blocking layer, the hole transport
layer, and the P-type charge generation layer of the second
stack were formed as a single layer of P-type doping layer, as
compared with when the respective layers were formed in the
second stack.

Example 7-1

[0098] An organic light emitting diode device was manu-
factured under the same condition as the Example 6-2.

Example 7-2

[0099] An organic light emitting diode device was manu-
factured under the same conditions as the Example 7-1 except
that the electron blocking layer, the hole transport layer, and
the P-type charge generation layer of the third stack were
formed as a single layer by forming an aryl amine and carba-
zole-based host material with a thickness of 50 A and a P-type
dopant compound with a doping concentration of 10%, and
then depositing the same aryl amine-based host material with

a thickness of 250 A.

Example 7-3

[0100] An organic light emitting diode device was manu-
factured under the same conditions as the Example 7-2 except
that a host different from the aryl amine-based host was used.

[0101] As for Examples 7-1 to 7-3, emission spectra were
measured and then shown 1n FIG. 8, and light emitting effi-
ciencies ol R, G, B, and W, driving voltage, and lifespan were
measured and then shown 1n Table 7 below.
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TABLE 7
Example 7-1 Example 7-2  Example 7-3
Light emitting R 7.8 7.6 7.6
efficiency (Cd/A) @G 36.1 37.3 37.1
B 4.1 4.1 4.1
W 83.5 84.8 84.5
Driving voltage 12.0 11.9 12.9
(10 mA/cm?)
Lifespan (IT95,h) R 2200 2800 2900
G 2500 3100 3200
B 2400 2600 2500
W 2600 3300 3300

[0102] Retferring to FIG. 8 and Table 7, the thickness of the
organic light emitting diode device was lowered and the
lifespan and driving voltage characteristics were further
improved when the electron blocking layer, the hole transport
layer, and the P-type charge generation layer of the third stack

were formed of a single layer of P-type doping layer, together
with the second stack, as compared with when the respective
were formed 1n the third stack.

Example 8-1

[0103] An organic light emitting diode device was manu-
factured under the same conditions as the Example 6-2 except
that the yellow-green phosphorescent light emitting layer and
the green phosphorescent layer each were formed of one
heteroaryl-based host material with a thickness of 120 A,
another host material with a thickness of 120 A, and an
iridium compound with a doping concentration of 8% as a
dopant.

Example 8-2

[0104] An organic light emitting diode device was manu-
factured under the same conditions as the Example 8-1 except
that, mnstead of the heteroaryl-based host, a compound of
which the LUMO level gap from the electron transport layer
1s 0.3 eV or smaller was used as a host.

[0105] As for Example 8-1 and Example 8-2, emission
spectra were measured and then shown in FIG. 9, and light
emitting efliciencies of R, G, B, and W, driving voltage, and
lifespan were measured and then shown 1n Table 8 below.

TABLE 8
Example 8-1 Example 8-2
Light emitting efficiency (Cd/A) R 6.2 6.3
G 32.9 34.0
B 3.9 3.9
W 73.8 76.1
Driving voltage (10 mA/ecm?) 12.6 13.2
Lifespan (T95, h) R 3600 4800
G 4200 6000
B 3400 3800
W 4200 5600

[0106] Referring to FIG. 9 and Table 8, as the LUMO level
gap ol the host of the green light emitting layer from the
clectron transport layer becomes smaller, the light emitting
eificiency and the lifespan were further improved.

Example 9-1>

[0107] An organic light emitting diode device was manu-
factured under the same condition as the Example 6-2 except
that the thickness of the electron transport layer of the first
stack was 70 A.
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Example 9-2

[0108] An organic light emitting diode device was manu-
factured under the same condition as the Example 9-1 except
that the thickness of the electron transport layer of the first
stack was 110 A.

Example 9-3

[0109] An organic light emitting diode device was manu-
factured under the same condition as the Example 9-1 except
that the thickness of the electron transport layer of the first
stack was 150 A.

[0110] As for Examples 9-1 to 9-3, emission spectra were
measured and then shown in FIG. 10, and light emitting
eificiencies of R, G, B, and W, driving voltage, and lifespan
were measured and then shown 1n Table 9 below.

TABLE 9
Example 9-1 Example 9-2  Example 9-3
Light emitting R 7.9 8.1 7.6
efficiency (Cd/A) G 35.7 359 39.0
B 4.1 4.1 4.2
W 82.4 83.1 87.4
Driving voltage 12.0 12.0 12.1
(10 mA/em?)
Lifespan (195,h) R 4400 4000 3900
G 4700 4000 3900
B 3400 3200 3400
W 4600 3800 3900

[0111] Referring to FIG. 10 and Table 9, as the thickness of

the electron transport layer of the first stack becomes smaller,
the lifespan was increased and the efficiency was further
improved.

Example 10-1

[0112] An organic light emitting diode device was manu-
factured under the same condition as the Example 6-2 except

that the thickness of the N-type charge generation layer of the
first stack was 80 A.

Example 10-2

[0113] An organmic light emitting diode device was manu-
factured under the same condition as the Example 10-1 except

that the thickness of the N-type charge generation layer of the
first stack was 120 A.

Example 10-3

[0114] An orgamic light emitting diode device was manu-
factured under the same condition as the Example 10-1 except

that the thickness of the N-type charge generation layer of the
first stack was 150 A.

[0115] As for Examples 10-1 to 10-3, emission spectra
were measured and then shown 1n FIG. 11, and light emitting
elficiencies of R, G, B, and W, driving voltage, and lifespan
were measured and then shown 1n Table 10 below.
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TABLE 10
Example 10-1  Example 10-2  Example 10-3
Light emitting R 8.0 8.1 7.5
efficiency (Cd/A) G 35.5 359 38.3
B 4.2 4.1 4.1
W 82.3 83.1 85.8
Driving voltage 12.0 12.0 12.0
(10 mA/cm?)
Lifespan (T95,h) R 3400 3600 3900
G 3600 4000 4100
B 3000 3200 3300
W 3600 3800 4100
[0116] Referring to FIG. 11 and Table 10, as the thickness

of the N-type charge generation layer of the first stack
becomes greater, the lifespan was increased, but the thickness
thereof is preferably 300 A or smaller.

Example 11-1

[0117] An organic light emitting diode device was manu-

factured under the same condition as the Example 6-2 except
that the thickness of the electron transport layer of the second
stack was 480 A.

Example 11-2

[0118] An organic light emitting diode device was manu-
factured under the same condition as the Example 11-1 except

that the thickness of the electron transport layer of the second
stack was 350 A.

[0119] As for Example 11-1 and Example 11-2, emission
spectra were measured and then shown 1n FIG. 12, and light
emitting efliciencies of R, G, B, and W, driving voltage, and
lifespan were measured and then shown 1n Table 11 below.

TABLE 11
Example 11-1 Example 11-2
Light emitting R 7.9 7.7
efficiency (Cd/A) G 334 34.4
B 4.3 4.3
W 79.0 80.2
Driving voltage 12.2 11.9
(10 mA/cm?)
Lifespan (195, h) R 1100 1500
G 1300 1600
B 1900 2000
W 1900 2400

[0120] Referring to FIG. 12 and Table 11, as the thickness
of the electron transport layer of the second stack becomes
smaller, the lifespan was further increased and the driving
voltage was further reduced.

[0121] Asdescribed above, the organic light emitting diode
device according to an embodiment of the present invention
includes at least three stacks, at least two blue light emitting
layers, and one vellow-green light emitting layer, thereby
improving the lifespan and light emitting efficiencies and
improving driving voltage characteristics, and realizing white
color.

[0122] Further, according to the organic light emitting

diode device of the present invention, the distance between
the first electrode and the second electrode is 2500 to 5000 A

and the distance between the second electrode 380 and the
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second light emitting layer is 2000 A or greater, thereby
securing the viewing angle of the image and the light emitting
elficiency of the red light.

[0123] Although embodiments have been described with
reference to a number of 1llustrative embodiments thereot, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible 1n the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled 1n the art.

What 1s claimed 1s:

1. A white organic light emitting diode device, comprising:

first and second electrodes facing each other above a sub-
strate;

first and second charge generation layers formed between
the first electrode and the second electrode;

a first stack disposed between the first electrode and the
first charge generation layer and including a first light
emitting layer;

a second stack disposed between the first charge generation
layer and the second charge generation layer and includ-
ing a second light emitting layer; and

a third stack disposed between the second charge genera-
tion layer and the second electrode and including a third
light emitting layer,

wherein two of the first to third light emitting layers emit a

blue light and the rest light emitting layer emits a yellow-
green light.

2. The white organic light emitting diode device of claim 1,
wherein at least one of the first charge generation layer and
the second charge generation layer has a junction structure of
an N-type charge generation layer and a P-type charge gen-
eration layer.

3. The white organic light emitting diode device of claim 1,
wherein the first light emitting layer 1s a blue fluorescent
layer.

4. The white organic light emitting diode device of claim 1,
wherein the first to third light emitting layers have a structure
in which two dopants are mixed with one host and two
dopants are mixed with two hosts.

5. The white organic light emitting diode device of claim 4,

wherein 1n the two hosts, one 1s an electron transportive host
and the other 1s a hole transportive host.

6. The white organic light emitting diode device of claim 1,
wherein at least one of the second light emitting layer and the
third light emitting layer has a two-layer structure.

7. The white organic light emitting diode device of claim 1,
wherein the first to third stacks each further include a hole
transport layer and an electron blocking layer.

8. The white organic light emitting diode device of claim 7,
wherein the hole transport layer and the electron blocking
layer are formed as a single layer.

9. The white organic light emitting diode device of claim 1,
wherein the third stack further includes an electron transport
layer disposed between the third light emitting layer and the
second electrode and adjoining the third light emitting layer,
the electron transport layer containing an electron injection
material mixed with a hole blocking material.
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10. The white organic light emitting diode device of claim
1, wherein the distance between the first electrode and the
second electrode is 2500 to 5000 A.

11. The white organic light emitting diode device of claim
10, wherein the distance between the second electrode and the
second light emitting layer is 2000 A or greater.

12. The white organic light emitting diode device of claim
1, wherein at least one of the two light emitting layers emit-
ting a blue light further includes a light emitting layer emit-
ting a red light.

13. The white organic light emitting diode device of claim
6, wherein each layer of the two-layer structure has a thick-
ness of 400 A or smaller.

G e x Gx ex
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